This work was carried out to investigate the effects of grinding, storage conditions and duration on the bio-efficacy of neem seeds as a home-made insecticide against the red flour beetle Tribolium castaneum. Samples of neem seeds (intact and ground) were kept in small jute sacks and stored in the sun, refrigerator (4ºC), and room temperature (28 ± 2ºC) for two, four and six weeks in each condition. After the respective storage period, a water extract (5%) was prepared and sprayed topically on the 3 rd instar larvae of the beetle as well as on the pupal stage. A significant mortality of 62.83% resulted from the neem seeds stored in the refrigerator on the 7 th day of exposure. The seeds stored in the sun caused a mortality of 48.49%. The water extract from the seeds which were stored at room temperature, resulted in significantly high cumulative larval mortality of 50.30%. The efficacy of neem seeds kept in the sun was negatively affected and correlated with the length of storage period. However, the efficacy of the neem seeds stored in the refrigerator was increased with storage time. The pupal mortality due to spraying with water extract from neem seeds stored in the sun, refrigerator and room temperature was 49.67, 68.12 and 69.43% respectively. The mortality in the control (water treatment) was 7.33%. The results indicated that grinding of neem seeds before storage seems to have no effects on their efficacy.
INTRODUCTION
Neem's greatest potential usefulness is in the subsistence agricultural systems of the tropics (Jenkins, et al. 2003) . The number of neem trees in Sudan is estimated to be more than one million (Badi et al., 1989, Förster and Moser, 2000) . The neem fruits are usually available in Sudan in the period from June to August each year, while the main cropping season of vegetable production extends from November to March. The scarcity of good quality neem seeds should have to be overcome if the neem seeds are to be used in the management of vegetable pests. Fruits seasonality, lack of technical know-how on the side of farmers on the proper storage and post-harvest handling of neem seeds, are the main obstacles facing the practical application of home-made neem biopesticides for the management of important vegetable pests in Sudan (Elshafie, 2001) . The Azadirachtin content of the neem seeds collected from different ecological zones in Sudan ranged between 1.08-2.3mg/g and 0.48-3.09mg/g in seasons 2001 and 2002 respectively and rainfall, soil type, latitude and altitude were the main factors behind these variations (ElTeraifi, 2004) . Ermel (1995) estimated the Azadirachtin content from neem seeds collected from Sudan to be in the range of 0.2-0.5%. Schmutterer and Ascher (1987) reported that Azadirachtin, the main active ingredient in neem seeds, was fairly stable until the temperature reached 65ºC and declined thereafter in the next higher degrees of temperature, when the seeds were exposed to different regimes of temperature. The diverse biological effects of the neem kernel extracts are phagodeterrent and repellent (Jacobson, et al. 1987 , Ladd, et al., 1978 , growth regulator (Leuschner, 1972; Schmutterer and Hübner, 2005) . Stokes and Redfern (1982) reported that Azadirachtin content of neem seeds was reduced by 50% following days of exposure to sunlight. The UV light and sunlight destroy primarily the more polar substances, such as Azadirachtin and salannin and the relative humidity and temperature have a marked influence on the active constituents of neem seed kernels and their extracts (Schmutterer and Ascher, 1987) . Photodegradation of Azadirachtin also occurs under field conditions, according to various reports (Ladd, et al.; Strokes and Redfern, 1982; Lange, 1984) . Certain carriers and stabilizers have been used successfully to reduce degradation of Azadirachtin by heat in the laboratory (Kumar and Parmar, 1999) but, these are not readily available to subsistence farmers. In Sudan, growing of vegetables is increasing to meet the growing demand (Dabrowski et al. 1994) . Polyphagous insects such as whitefly, aphids and African boll worm are considered as major pests inflicting economic damage on vegetables which are mainly produced during winter (Binyanson, 1997) . Frequent use of synthetic insecticides, to manage these pests; lead to increase of production cost, a destabilization of the ecosystem as well as insect resistance (Dittrich et al. 1990) . To reduce the cost of production for the poor farmers and to save the environment from the unwise use of chemical pesticides, the huge potential of the tree, Azadirachta indica should be exploited. Home-made insecticides, adapted for the farmers should be made as cheap, environmentally-friendly, and effective alternatives to the more costly synthetic chemicals for the management of the major vegetable pests. This work was carried out to investigate the effects of grinding, storage conditions and duration on the bioefficacy of neem seeds as a home-made insecticide against the red flour beetle, T. castaneum.
MATERIALS AND METHODS
Collection of neem seeds and preparation of samples: Neem seeds were hand-picked from mature disease-free trees in Shambat area, in Khartoum University campus July-August, 2008. They were depulped and thoroughly washed by hand to remove the pulp that if left would encourage growth of fungi. Seeds collection was done during the late fruit ripening season (July-August) when all fruits were yellow. The seeds were then shade-dried on jute mats and used for different treatments. To study the effect of storage conditions, the collected seeds were divided into two lots, one lot was pulverized and the other was left as intact seeds. The lot of intact seeds and powder were further subdivided each into three lots and each lot was kept under different conditions viz., sun, refrigerator and room temperature. Under all conditions of storage, the neem seeds were kept in small jute sacks that provided proper ventilation. Samples were taken from these lots after 2, 4 and 6 weeks to study the effects of storage duration. In case of intact seeds, they were pulverized before being used to prepare the water extract.
Insect culture:
The red flour beetle, T. castaneum is a member of the most species-rich eukaryotic order, a powerful model organism for the study of generalized insect development, and important pest of stored agricultural products. The beetle is omnivorous and has evolved the ability to interact with a diverse chemical environment, as shown by large expansions in odorant and gustatory receptors, as well as P450 and other detoxification enzymes (Anon., 2008) . The insect has a short life cycle, high fecundity and can be easily reared in the laboratory on a variety of agricultural products (Sokoloff, 1977) . For the above mentioned reasons, the red flour beetle was chosen for the bioassay test. Adult beetles were brought from infested sorghum grain in the local market and were reconditioned and reared in the laboratory, for at least three generations before they were used in the different experiments. The beetles were reared on sorghum grains in 1-liter jars in a controlled environment at 28 ± 1ºC; 75 ± 5 RH; photoperiod of 12:12 (L: D) h.
Preparation and application of the neem water extract (NWE):
To prepare the neem water extract, the intact neem seeds were pulverized using an electric kitchen blender. 50g of the neem powder were put into 1L of water (5%) and agitated thoroughly with a glass rod. The mixture was left overnight and sieved through a fine mesh cloth to obtain a uniform extract and to remove coarse particles that would otherwise close the spray nozzle. In all experiments, the extract was topically applied on the test insects using a hand-hold sprayer.
Bioassay test:
The bioassay was conducted under laboratory conditions of 28 ± 2ºC temp. and 75% relative humidity, 12:12 light : dark photoperiods. Ten 3 rd instar larvae of T. castaneum were put in a Petri dish and were considered as experimental unit. Three replicates were used per each treatment. The water extracts prepared from neem seeds (intact and ground) which were stored at different storage conditions and for different durations, were topically applied on these test insects. Mortality per cent of larvae was recorded from the 1 st up to the 7 th day after exposing them to the extracts. Pupal mortality was also determined by using ten pupae per experimental unit and three replicates. Pupa that fails to transfer to adult was considered dead. These two parameters were used to evaluate the bio-efficacy of the test product.
Statistical analysis: Treatments were arranged in a completely randomized design and each treatment was replicated three times. The collected data was statistically analyzed by ANOVA and Duncan's Multiple Range Test was used for means separation.
RESULTS
The results of the bioassay test on the red flour beetle T. castaneum, reveal that the extracts form neem seeds (intact and ground) stored in the sun, refrigerator, and room temperature for 4weeks, caused significant mortality of the larvae compared with the control. The mortality per cent caused by the neem seeds and neem seed powder stored in the sun, was 49.05% and 47.93 respectively, while the samples stored in the refrigerator for the same period, caused significantly higher mortalities of 63.4% and 62/26% respectively. The efficacy of the seeds (intact) kept at room temperature reached 50.30%, which was significantly higher than the efficacy of seeds stored in the sun. In case of storing the neem seeds either in the sun or the refrigerator, grinding seems to have no significant effects on the efficacy (Table 1) . The data presented in table 2 indicate that there were significant differences among the treatments due to the duration of storage. The neem seeds stored in the refrigerator resulted in the highest mortality per cent of the test larvae 70.03%, followed by the seeds stored at room temperature 53.30% and the seeds stored in the sun 50.11%. In case of the latter, the efficacy decreased with increase of storage time while, the efficacy increased from 55.10% for the seeds stored only for 2 weeks to 70.03% for those kept for 6 weeks. The pupal mortality per cent due to spraying of pupae with water extract from neem seeds stored in the sun, refrigerator and room temperature was 49.67, 68.12 and 69.43% respectively, compared with 7.33% in the control (water treatment). There were significant differences among the treatments and the results demonstrated that the efficacy decreased with increasing storage time for the neem seeds stored in the sun and increased with storage time in case of the refrigerator (Table 3) . Means in a column followed by different letters are significantly different (P < 0.05, Tukey test) NSS = Neem seeds stored in the sun NSPS = Neem seeds powder stored in the sun NSF = Neem seeds stored in the refrigerator (4ºC) NSPF = Neem seeds powder stored in the refrigerator NSRT = Neem seeds stored at room temperature (28 ± 2ºC) CON = Treated with water only Means in a column followed by different letters are significantly different (P < 0.05, Tukey test) NSS6 = Neem seeds stored in the sun for six weeks NSS4 = Neem seeds stored in the sun for four weeks NSS2 = Neem seeds stored in the sun for two weeks NSF6 = Neem seeds stored in the refrigerator (4ºC) for six weeks NSF4= Neem seeds stored in the refrigerator for four weeks NSF2= Neem seeds stored in the refrigerator for two weeks NSRT6 = Neem seeds stored at room temperature (28 ± 2ºC ) for six weeks CON = Treated with water only Means in a column followed by different letters are significantly different (P < 0.05, Tukey test) NSS6 = Neem seeds stored in the sun for six weeks NSS4 = Neem seeds stored in the sun for four weeks NSS2 = Neem seeds stored in the sun for two weeks NSF6 = Neem seeds stored in the refrigerator (4ºC) for six weeks NSF4= Neem seeds stored in the refrigerator for four weeks NSF2= Neem seeds stored in the refrigerator for two weeks NSRT6 = Neem seeds stored at room temperature (28 ± 2ºC ) for six weeks CON = Treated with water only
DISCUSSION
Many researchers have demonstrated the effectiveness of neem for protecting vegetable crops in Sudan (Siddig, 1987 , Elshafie and Basedow, 2003 , Mudathir and Basedow, 2003 . This study has presented evidence that storage conditions and durations are among the many factors that affect the efficacy of neem seeds as biopesticides. Other factors include rainfall, soil type and other climatic conditions. ElTeraifi (2004) demonstrated that the Azadirachtin content of neem seeds collected from different ecozones of the Sudan increased with the increase of rainfall.
Neem seeds stored in the sun both as intact and powder showed a decreasing trend of efficacy with increasing the storage period. The bio-efficacy of the neem seeds, as reflected by the larval and pupal mortality of the test insect, obtained with the neem seeds stored for only two weeks was greater than that stored for 4 and 6 weeks.
Neem is ideal for both conventional and IPM program and can be used throughout the entire crop production cycle. It can be dipped, drenched, mixed with liquid fertilizers in drip systems and applied with all spray equipment including thermal fog and ultra low volume systems. The increasing awareness about the potential of Neem and its importance need to be translated into actual economic and environmental benefits for the farmers. However, it must be realized that, for the production of a homemade neem insecticide, several important steps of work have to be done by the farmer (Hellpap and Dreyer, 1995) . These include the selection of good quality neem fruits, proper depulping and drying of seeds to avoid the build-up of the potent carcinogen, aflatoxin B 1 (Chourasia and Roy, 1991) , and finally proper storage. Neem can help reduce usage of chemical insecticides and more importantly can reduce overall insecticide usage, as Neem actually affects insects' tolerance to other insecticides and can make them more vulnerable at lower rates. The currently preferred active ingredient of NeemAzadirachtin has shown no evidence of insect resistance. Growers can use it with absolutely no fear of resistance when used either continuously or in combination with other insecticides. For ecologically sound, equitable, and ethical pest management, there is a need for control agents that are pestspecific, nontoxic to humans and other biota, biodegradable, less prone to pest resistance and resurgence, and relatively less expensive. Among various options, neem has been identified as a source of environmentally "soft" natural pesticides. A number of compounds in neem kernel extract have been shown to have bioactivity equal or greater to that of Azadirachtin A (Lin-er et al. 1995) . Lower temperatures have been found to actually increase the efficacy of neem seeds 10-fold (Kabaru and Mwangi, 2000) . We conclude that neem seeds can be stored in a shaded room for up to 2 months without significant reduction in overall effectiveness. Subsistence farmers in Sudan and other African countries with similar climatic conditions may be able to collect neem seeds at their convenience during the neem fruiting season, and store them in shaded rooms for at least 2 months. The stored seeds can be used later to prepare a cheap, effective, and environmentally friendly aqueous extract for protection of different crops.
